The aim of this study was to evaluate the clinical effects of cognitive impairment in patients with chronic obstructive pulmonary disease (COPD). A total of 91 patients with stable moderate to very severe COPD were included in this study. Cognitive functions of the patients were evaluated using the mini-mental state examination (MMSE) tool and clock-drawing test. The Brody's Instrumental Activities of Daily Living (IADL) Questionnaire; COPD assessment test (CAT); body mass index, airflow obstruction, dyspnea, and exercise capacity (BODE); and Charlson comorbidity index were assessed. The patients were divided into two groups as those who were diagnosed with cognitive impairment (group 1, n ¼ 16) and those with normal cognitive functions (group 2, n ¼ 75). Group 1 had a lower arterial partial pressure of oxygen , shorter 6-min walking distance, and higher arterial partial pressure of carbon dioxide (PaCO 2 ) than group 2 (p ¼ 0.01, p ¼ 0.024, p ¼ 0.018, respectively). In group 1, the IADL score was lower, and CAT and BODE scores were higher than group 2 (p ¼ 0.002, p ¼ 0.037, p ¼ 0.012, respectively). When we considered all the patients, there was an independent correlation between the IADL score and MMSE score (p ¼ 0.03). This study revealed that COPD patients with cognitive impairment may have more hypoxemia and limited activities of daily living.
Introduction
Chronic obstructive pulmonary disease (COPD) is widely accepted to be associated with various comorbidities which seem to result from the disease itself and irrespective of other risk factors, such as smoking. 1 Recently, neuropsychiatric comorbidities have particularly focused on cognitive dysfunction in COPD. The mechanisms proposed for cognitive impairment in COPD are hypoxia-mediated neuronal damage due to the lung disease or comorbidities, such as vascular disease, which adversely affect the brain. 2 Several studies suggest that COPD patients may have a specific pattern of deterioration, compared to Alzheimer's disease or multi-infarct dementia and healthy controls. 3, 4 Previous studies demonstrated a relationship between COPD and cognitive impairment 5, 6 and also in a recent study reporting that COPD is an independent risk factor for cognitive impairment. 7 Age, education, physical activity, sleep, smoking, and fatigue are determinant factors of cognitive functions for both general population and COPD patients. However, conditions like smoking, age, and degradation in physical activity may contribute more to cognitive impairment in COPD patients than healthy population. Additionally, advancing airflow limitation, hypoxemia, hypercapnia, and exacerbations may induce further cognitive impairment in COPD patients. 6 However, the effects of cognitive dysfunction on COPD have been examined only in a limited number of studies in the literature and demonstrated controversial results. 2, 8 Cognitive impairment is known to be associated with incorrect use of inhaled drugs and poor adherence to medications, which can adversely affect the management of COPD. 9 Therefore, we suggest that there is a need for further studies which investigate the effect of cognitive impairment on the clinical presentation, course, and outcome of COPD.
Patients and methods
This study included a total of 91 consecutive patients with moderate to very severe COPD who were admitted to our outpatient clinic and under follow-up at least for 1 year.
Inclusion criteria were as follows: aged !40 years, at least 1-year diagnosis of moderate to very severe COPD according to the Global Initiative for Chronic Obstructive Lung Disease (GOLD) classification with baseline post-bronchodilator forced expiratory volume in 1 s (FEV 1 ) of <80% of predicted value, FEV 1 /forced vital capacity ratio of 0.7, 10 and !10 pack-year smoking history.
Exclusion criteria were as follows: having COPD exacerbation within the past 6 weeks prior to enrollment, respiratory disease other than COPD, having known neurological or psychiatry diseases, taking any medications which may affect the cognitive tests (lithium, antihistaminics, sedatives, propranolol, and erythromycin), and alcohol or substance addiction.
Spirometry was performed using a Sensor Medics model 2400 (Yorba Linda, California, USA) in accordance with the GOLD guidelines, and COPD was classified by their predictive FEV 1 values: stage 2 (moderate; 50% FEV 1 < 80%), stage 3 (severe; 30% FEV 1 < 50%), and stage 4 (very severe; FEV 1 < 30%). 10 All patients were divided into four risk/ symptom categories: (A) low risk, fewer symptoms; (B) low risk, more symptoms; (C) high risk, fewer symptoms; and (D) high risk, more symptoms. Based on this categorization, the cutoff points for risks (exacerbations in previous year !2 or !1 leading to hospital admission) and the cutoff points for symptoms (COPD assessment test (CAT) scores ! 10 and/ or modified Medical Research Council (mMRC) ! 2) were chosen according to the GOLD 2017 classification.
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Arterial blood gas analysis was performed for each patient using a PAPIDLab 348EX system (Siemens Healthcare Diagnostic) while breathing at room air. The 6MWT is a self-paced test of walking capacity. The six minute walk test (6MWT) is a sub-maximal exercise test used to assess aerobic capacity and endurance. Patients are asked to walk as far as possible in 6 minutes along a flat corridor. The distance in metres is recorded (6MWD). Standardised instructions and encouragement are commonly given during the test. The 6MWT was performed twice for each patient and the best measurement was recorded. 12 The body mass index (BMI), airflow obstruction, dyspnea, and exercise capacity (BODE) score was determined by the BMI, airflow obstruction (FEV 1 ), grade of dyspnea (mMRC), and exercise capacity as measured 6-min walking distance (6MWD) for all patients. Each component is assigned a specific score and the total score (BODE index) ranges from 0 to 10 points. Higher scores indicate higher severity of disease. 13 The Charlson comorbidity index (CCI) is a method of categorizing comorbidities of patients and it has been widely utilized by health researchers to measure burden of disease. Each comorbidity category has an associated weight from 1 to 6, based on the adjusted risk of mortality or resource use and a score of zero indicates that no comorbidities were found. The CCI was calculated in a standard way for each patient. 14 Cognitive dysfunction was evaluated using two validated psychometric questionnaires: the minimental state examination (MMSE), which assesses orientation, recall and language, short-term memory, attention, and calculation (normal score >24) 15, 16 ; and the clock-drawing test (CDT), which assesses memory, attention, and symbolic representation (normal score >3). 17, 18 The patients were divided into two groups as those who were diagnosed with cognitive impairment, defined as an MMSE score of 24 (group 1) and those who were diagnosed with normal cognitive functions, defined as an MMSE score of >24 (group 2). The Beck Depression Inventory (BDI) is a valid and reliable scale developed to determine the risk of depression and severity of depressive symptoms. Depression was defined as a BDI score of !17.
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Disability was assessed using the Instrumental Activities of Daily Living (IADL) Questionnaire, which is defined as a self-reported difficulty or inability to perform any of the followings: heavy housework, light housework, shopping, preparing meals, paying bills, or using the phone. It has a scoring ranging from 0 to 24 points. The test results are evaluated as 0-8 points: dependency, 9-16 points: semidependency, and 17-24 points: independency. 20 An informed consent was taken from each patient. The study protocol was approved by the Ethics Committee of Yedikule Chest Diseases and Thoracic Surgery Training and Research Hospital.
Statistical analysis
Statistical analysis was performed using the IBM SPSS version 23 software (SPSS Inc., Chicago, Illinois, USA). Program descriptive data were expressed in number and percentage for categorical variables and in mean and standard deviation for continuous numerical variables. Independent t-test was used to analyze the significant differences between the categorical variables having two groups, whereas oneway analysis of variance was used to examine the significant differences between the categorical variables having more than two groups. The w 2 test was used to analyze the correlation between the two categorical variables, while the Pearson correlation coefficients were used to analyze the correlation between the two numerical variables. Multiple linear regression analysis was performed to investigate the effect of the independent variables (6MWD, BODE score, IADL score, arterial partial pressure of oxygen (PaO 2 )) on the dependent variable (MMSE). A p value of 0.05 was considered statistically significant.
Results
A total of 91 consecutive and stable COPD patients were included. Of these patients, 86 (94.5%) were males. The mean age was 61.9 + 7.9 years. Demographic and clinical characteristics of all the patients are given in Table 1 . Three patients with exacerbation history within the last 6 weeks, one patient with alcohol abuse, and two patients with neuropsychiatric disease were excluded from the study.
The severity of the disease was classified using the predictive FEV 1 % values as follows: stage 2 (n ¼ 33, 36.3%), stage 3 (n ¼ 42, 46.2%), and stage 4 (n ¼ 16, 17.6%). According to the GOLD 2017 classification, 20 patients (22%) were in category A, 13 (14.3%) in category B, 12 (13.2%) in category C, and 46 (50.5%) in category D.
Group 1 consisted of a total of 16 patients (17.6%) with cognitive impairment according to the MMSE scoring, whereas group 2 consisted of a total of 75 patients (82.4%) with normal cognitive functions. A comparison of the clinical and laboratory variables of groups 1 and 2 is shown in Table 2 .
Patients were grouped according to sex, exacerbation status (exacerbations in previous year !2 or !1 leading to hospital admission was determined frequent exacerbator group), CAT score (the equivalent cut point is 10 for CAT score), mMRC score (<2: less breathlessness and !2: more breathlessness), BDI score (!17 points was defined depression), and IADL score (0-8 points: dependency; 9-16 points: semi-dependency; and 17-24 points: independency). Groups 1 and 2 were evaluated comparatively by considering this classification. The number of female patients (p ¼ 0.036) and also semi-dependent patients (p ¼ 0.013) were significantly more in group 1 than group 2. There was no statistically significant difference between the groups regarding other parameters ( Table 3) . The correlation between cognitive test scores (MMSE and CDT) and clinical variables was evaluated using the Pearson correlation analysis. Poorer performance on the MMSE was associated with lower PaO 2 , 6MWD, IADL score, and higher BODE score; however, CDT scores were correlated only with the 6MWD and IADL scores (Table 4) .
While weak correlation between MMSE score and PaO2, 6MWD, and BODE was determined, correlation between MMSE score and IADL was moderate. The correlation between MMSE score and PaO2, 6MWD, IADL, and BODE score was shown in Figure  1 . We found independent association only between the IADL score and MMSE score in multivariate regression analysis. Accordingly, MMSE scores increased by 0.279 units with every unit increase in IADL (p ¼ 0.03; Table 5 ).
Discussion
In recent years, COPD has been considered as a disease not limited only to the lungs but as a complex condition with various systemic components. 21 Neuropsychiatric disorders, particularly depression, anxiety, and cognitive dysfunction, are a substantial contributor to COPD-related health. 22, 23 The incidence of cognitive impairment varies from 10% to 61% in COPD patients, based on the study population and neuropsychological assessment. 23, 24 In the present study, we found cognitive impairment in 17.6% of the patients with COPD, as assessed using MMSE. The MMSE is an adequate and useful test for the global evaluation of cognitive functions. In a recent study, each test was performed separately for the evaluation of cognitive functions in COPD patients (MMSE, trail making A and B, CDT, forward and backward digit span tests, Brown-Peterson test, and verbal fluency test) and only MMSE was found to be correlated with all clinical COPD variables. 25 Aiming to evaluate relationship between clinical characteristics of COPD patients and their global cognitive functions, we decided to utilize MMSE.
Although a number of studies have shown a clear association between hypoxemia and poor cognitive performance, there are controversial results on whether patients with early disease or mild hypoxemia have significantly impaired cognitive functions. 8, 26 A study conducted using the single-photon emission computed tomography with Tc-99m hexamethylpropyleneamine oxime (HMPAO) supported the hypothesis that cerebral perfusion was significantly altered in patients with COPD and hypoxemic patients showed more impairment in cerebral perfusion and cognitive performance than non-hypoxemic patients. 27 In our study, we demonstrated that PaO 2 was lower in the patients with cognitive impairment and also indicating a correlation between PaO 2 level and MMSE score.
Our study showed that arterial partial pressure of carbon dioxide (PaCO 2 ) levels were higher in the patients with cognitive impairment, indicating a negative correlation between MMSE scores and PaCO 2 . Similarly, previous studies reported that as PaCO 2 increased, the cognitive function became more impaired. 8, 28 In addition, Parekh et al. 29 demonstrated that lower PaCO 2 levels were significantly correlated with improved cognitive performance in patients who were in the waiting list for lung transplantation.
The relationship between cognitive dysfunction and the severity of airway obstruction still remains to be elucidated. 2, 22 Several studies showed that Li et al. found that global cognitive function was worse in severe COPD patients, compared to mild to moderate COPD patients. 7 On the other hand, some authors did not demonstrate any relationship of pulmonary function with cognitive impairment in COPD. 2, 26 Similarly, we found no relationship between FEV 1 values and cognitive function. This result may suggest FEV 1 is poor relevant marker of cognitive status in COPD patients and airflow limitation don't reflect the multisystem nature of the disease.
To the best of our knowledge, there is only one study investigating the relationship of the cognitive functions with the BODE index in COPD. Thakur et al. found no relationship between the cognitive functions and the BODE score. 2 However, in our study, the BODE index was found to be higher in the patients with cognitive impairment. In addition, we showed that there was a negative correlation between the MMSE score and BODE index. In addition, we found that 6MWD which has a prognostic value in patients with COPD was shorter in patients with cognitive impairment.
Tulek et al. investigated the relationship of cognitive impairment with disease control; no correlation was found between the total cognitive score and the CAT score. 25 Similarly, we did not find any correlation between cognitive score and CAT score. However, in our study, CAT score was higher in patients with cognitive impairment. In addition, we didn't show any relationship between cognitive state and mMRC, consistent with the literature findings. 25 The previous studies reported impaired cognitive functions during exacerbation of COPD and the impairment recovered within 6 months after discharge. 31, 32 Dodd et al. showed that the cognitive functions of patients with COPD were significantly worse during exacerbation, and these patients did not recover 3 months after discharge. 33 Another study reported that more frequent and more serious cognitive impairment in COPD patients with a history of frequent exacerbation, compared to those who did not. 25 In consistent with these findings, we found no correlation between the cognitive state and history of frequent exacerbation.
The comorbidities associated with COPD, particularly cerebrovascular diseases, are known to have a possible role in the pathogenesis of cognitive impairment. 2 However, our study did not show any correlation between cognitive dysfunction and the CCI score.
Similarly, there are studies showing no relationship between cognitive impairment and cardiovascular/ metabolic comorbidities. 8, 22 Based on the literature data, cognitive dysfunction was associated with impaired IADL in COPD patients, particularly in activity-limited patients who were dependent on supplemental oxygen. 6, 34 Cognitive dysfunction and IADL limitation often lead to poor compliance to medications and increase the necessity of care services in COPD. In addition, IADL limitations were also shown to be associated with a high mortality rate in patients with COPD. 35, 36 Similarly, we demonstrated that the patients with cognitive impairment had lower IADL scores, indicating the positive correlation between the MMSE and IADL scores and it was independent of other factors. To the best of our knowledge, this study is the first to demonstrate the independent relationship between the IADL and MMSE scores in patients with COPD.
Nonetheless, there are some limitations to this study. First, the study was a cross-sectional study. Second, the study did not include a control group. However, many national and international studies have shown that patients with COPD have a higher rate of cognitive impairment than healthy controls. 5 In addition, a recent study has demonstrated that COPD is an independent risk factor for cognitive impairment. 7 Third, the majority of our patients were males, which can be explained by the fact that the inclusion was made among patients who visited our clinic consecutively and also that the prevalence of COPD in Turkey is lower among females. 37 Because of these limitations, our results cannot be generalized.
Conclusion
In conclusion, this study revealed that COPD patients with cognitive impairment were more hypoxemic and had limited activities of daily living. Based on our results, regular screening of cognitive functions by MMSE may be beneficial in selecting the management strategies for COPD patients who have limited activity or hypoxemia. Additional prospective randomized studies are needed to further demonstrate these benefits.
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